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NOVEL COMPOUNDS 

The present invention relates to novel compounds, processes for their preparation, 
pharmaceutical compositions containing them and their use in therapy. 

Chemokines play an important role in immune and inflammatory responses in various 
diseases and disorders, including asdmia and allergic diseases, as well as autoimmune 
pathologies such as rheumatoid arthritis and atiieroscleiosis. These small secreted 
molecules are a growing si^erfamily of 8-14 kDa proteins characterised by a conserved 
four cysteine motif. The chemokine superfamily can be divided into two main groups 
exhibiting characteristic structural motifs, the Cys-X-Cys (C-X-C) and Cys-Cys (C-C) 
&milies. These are distinguished on the basis of a single amino acid insertion between flie 
NH-proximal pair of cysteine residues and sequence similarity. 

The C-X<; chemokines include several potent chemoattractants and activators of 
neutrophils such as interleukin-8 (IL-8) and neutrophil-activating peptide 2 (NAP-2). 

The C-C chemokines include potent chemoattractants of monocytes and lymphocytes but 
not neutrophils such as human monocyte chemotactic proteins 1-3 (MCP-1, MCP-2 and 
MCP-3), RANTES (Regulated on Activation, Normal T Expressed and Secreted), eotaxin 
and the macrophage inflammatory proteins la and ip (MlP-la and MIP-lp). 

Studies have demonstrated that the actions of the chemokines are mediated by sub&milies 
of G protein-coupled receptors, among vrbich are die receptors designated CCRl, CCR2, 
CCR2A, CCR2B, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCRIO, CXCRl, 
CXCR2, CXCR3 and CXCR4. These receptors represent good targets for drug 
development since agents which modulate diese receptors would be usefiil in the treatment 
of disorders and diseases such as those mentioned above. 



In accordance with the present invention, there is therefore provided a compound of 
formula 




wherein 

. misO» 1,2, 3 or 4; 

each b} independently represents halogen, cyano, hydroxyl, Ci-C6 alkyU 

haloaUcyl, Ci-C6alkoxy or sulphonamido (-SO2NH2); 

either X represents a bond, -CH2-, -O- or -C(0)- and Y represents a bond, -CH2-, 

-O- or -C(OK or X and Y together represent a group -CH=C(CH3)- or -C(CH3)=CH-, 

and Z represents a bond, -0-, -NH- or -CH2-, provided that only one ofX,Y and Z can 

represent a bond at any one time and provided that X and Y do not both simultaneously 

represent -O- or -C(0)-; 

n is 0, 1 or 2; 
2 

each R independently represents halogen or Ci-Cg alkyl; 
qisOorl; 

represents -NHC(0)R^^, -C(0)NR^^R^^ or -COOR^^^ 

R^, R^, R^, R^ and R^ each independently represent a hydrogen atom or a C1-C6 alkyl 

group; 

tisO, 1 or 2; 
9 

eachR independently represents halogen, cyano, hydroxyl, caxboxyl, 
Ci-C6alkoxy, Ci-Ce alkoxycarbonyl, C1-C6 haloalkyl, or C1-C5 alkyl optionally 
substituted by at least one substituent selected from carboxyl and C1-C5 alkoxycarbonyl; 

R^^ represents a group C1-C5 alkyl, C2-C6 alkenyl, C3-C6 cycloalkyl, adamantyl, 
Cs'C^ cycloalkenyl, phenyl or a saturated or unsaturated 5- to 10-membered heterocyclic 
ring S3rstem conq>rising at least one ring heteroatom selected from nitrogen, oxygen and 
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sulphur, each of which may be optiosally substituted by one or more substituents 

independently selected from nitxo, hydroxyl, oxo, halogen, caiboxyl, Ci-Cgalkyl, 

Ci-C5aIkoxy^ C1-C6 aDcylthio, C1-C6 alkylcarbonyl, Ci-C6 alkoxycaibonyl, phenyl and 

-NHC(0)-R^^, or 

5 R^^ represents a group -NR^^R^^ or -O-R^ ^; 

11 12 

R andR each independently represent (i) a hydrogen atom, (ii) a 3- to 6- 
membered saturated or unsaturated ring optionally comprising at least one ring heto-oatom 
selected from nitrogen, oxygen and sulphur and optionally further comprising a bridging 
group, the ring being optionally substituted with at least one substituent selected from 
10 halogen, hydroxyl, Ci-C6alkyl, Ci-C^hydroxyalkyland Ci-C^haloalkyl, 

(iii) a C1-C6 alkyl group optionally substituted by at least one substituent selected from 
halogen, amino (-NH2), hydroxyl, Cj-Cs haloalkyl, carboxyl, C1-C5 alkoxy, 

Ci-Q alkoxycarbonyl^ Ci-Cg alkylcarbonylamino and a 3- to 6-membered saturated or 
unsaturated ring optionally comprising at least one ring heteroatom selected from nitrogen, 
t5 oxygen and sulphur and optionally frirther comprising a bridging group, the ring being 
optionally substituted with at least one substituent selected from halogen, hydroxyl, 0x0 
(=0), C1-C6 alkyl, Ci-C6l3LydroxyalkyIandCi-C6t3i^oalkyl, or 

(iv) Ci-C^ alkylsulphonyl, or 
11 12 

R andR togedier with tiie nitrogen atom to which fhey are attached form a 4- to 7- 
20 membered saturated heterocyclic ring ^t optionally further co]X4>rises a ring nitrogen, 
oxygen or sulphiu* atom and that is optionally fiised to a benzene ring to form a 8- to 
membered ring system, the heterocyclic ring or ring system being optionally substituted 
.1:' with at least one substituent selected from halogen, hydroxyl, amido (-CX)NH2), 

^ C1-C6 alkyl, Ci-C^ hydroxyalkyl, C1-C6 alkoxy, Cj[-C5 alkoxycarbonyl, 

- 25 Ci-CghaloalkyU Ci-Cg alkylamino, di-Ci-C6 alkylamino, C1-C6 alkylcaibonyl, 
:* * C1-C5 alkylcarbonylamino, C1-C5 alkylaminocarbonyl, di-Ci-C6 allQrIaminocarbonyl, 

: phenyl, halophenyl, phenylcarbonyl, phenylcarbonyloxy and hydroxydiphenylmethyl; 

- *• 12a 

R represents a hydrogen atom or a C\-Q^ alkyl group; 

13 

R represents a CJ-C5 alkyl, amino (-NH2) ^ phenyl group; 



101244 



14 15 

R and R each independently represent a hydrogen atom, or a group C1-C5 alkyl, 

Ci^Cg alkylsulphonyl, phenyl or a saturated or unsaturated S- to 10-membered 

heterocyclic ring system conQ>rising at least one ring heteroatom selected from nitrogen, 

oxygen and sulphur, each groi^ being optionally substituted as defined above for R^^, or 
14 15 

5 R andR togetherwiththenilrogenatomto which they are attached form a 4- to 7- 
membered saturated heterocyclic ring &at optionally further comprises a ring nitrogen, 
oxygen or sulphur atom, the heteroQrclic ring being optionally substituted by at least one 
hydroxyl; and 

R^^ represents a hydrogen atom, or a group C1-C6 alkyU phenyl or a saturated or 
10 unsaturated 5- to 10-membered heterocyclic ring system comprising at least one ring 



heteroatom selected from nitrogen, oxygen and sulphur, each group being optionally 

substituted as defined above for R ; 

or a pharmaceutically acceptable salt or solvate thereof. 



IS In the context of the present specification, unless otherwise stated, an alkyl or alkenyl 

substituent groi^ or an alkyl moiety in a substituent group may be linear or branched. The 

alkyl moieties in a di-alkylamino or di-alkylaminocarbonyl substitumt group may be the 

same or different A haloalkyl or halophenyl substituent group will coxnprise at least one 

halogen atom, e*g. one, two, three or four halogen atoms. A hydroxyall^l substituent may 

20 contain one or more hydroxyl groups but preferably contains one or two hydroxyl groups. 

2 2 

In the ring substituted by R , R may be attached to any suitable ring carbon atom 

including the carbon atom of (CH2)q. When R^ ^ and R^^ or R^"* and R^^ represent a 4- to 

7-membered saturated heterocycle, it should be understood that the heterocycle will 

11 12 

contain no more than two ring heteroatoms: the nitrogen ring atom to whidi R and R 
14 15 

25 orR andR areattachedandoptionally a nitrogen, oxygen or sulphur ring atouL In the 

definition of R^^ (or R^^, R^^ or R^^) it should be noted that the saturated or unsaturated 

5- to 10-membered heterocyclic ring system may have alicyclic or aromatic properties. 

II 12 

Similarly, in the definition of R or R , a 3- to 6-membered saturated or imsatuiated ring 
optionally comprising at least one ring heteroatom may have alicyclic or aromatic 
30 properties. An unsaturated ring system will be partially or fiiUy unsaturated. 



Iq an embodiment of the invention, m is 0 or L 



Each R independently represents halogen (e,g. chlorine, fluorine, bromine or iodine), 
cyano, hydroxyl, Ci<:6> preferably Ci-C4,alkyl(e,g. methyl, ethyl, n-propy 
n-butyl, isobutyl, tert-butyl, n-pentyl or n-hexyl), Ci-Ce* preferably C1-C4, haloalkyl (e.g. 
trifluoromethyl), Ci-Ce, preferably C1-C4, alkoxy (e.g. metfaoxy, ettioxy, n-propoxy or 
n-butoxy) or sulphonamido. 

In an embodiment of the invention, each independently represents halog^ Ci-Cg, 
preferably C1-C4, alkyl or C1-C5, preferably C1-C4, haloalkyl. 

In another embodiment, each R^ independentiy represents fluorine, chlorine, methyl or 
trifluoromethyl, particularly chl<»ine. 

Combinations of X and Y of particular interest include any one or more of the following: 



X 


Y 


bond 


0 


0 


bond 


CH2 


bond 


bond 


CHi 


CH2 


0 


0 


CH2 


CCO) 


0 


0 




CH2 


CH2 


-CH=C(CH3> 



In an embodiment of the invention, X and Y have the meanings shown below: 



X 


Y 


bond 


O 


O 


bond 


CH2 


O 


O 


CH2 


C(0) 


O 


o 


ao) 




CHi 


-CH=C(CH3> 



In a further embodiment, X and Y have the meanings shown below: 



X 


Y 


bond 


O 


O 


bond 


CH2 


bond 


bond 


CH2 



In an embodiment of the invention, Z represents a bond, -O- or-CH2-. 

Combinations of X, Y and Z of particular interest include any one or more of the 
following: 
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X 


Y 


Z 


bond 


O 


CH2 


O 


bond 


CH2 


CH2 


bond 


0 


bond ' 


CH2 


0 


CH2 


O 


bond 


C(0) 


O 


bond 


o 


C(0) 


braid 


CH2 


CH2 


bond 


O 


bond 


0 


bond 


O 


0 


CH;, 


CH2 


0 


O 


CH2 


CH2 


-CH=C(CH3)- 


bond 



In an embodiment of the invention, Y and Z have tiie meanings shown below: 





X 


Y 


Z 




bond 


0 


CH2 




0 


bond 


CH2 




CH2 


0 


bond 




0 


CH2 


bond 


• 


qo) 


0 


bond 




0 


ao) 


bond 


" r ^ 


CH2 


CH2 


bond 


• • 

f 


bond 


0 


0 


V * a 


0 


bond 


0 




-CH=C(CH3> 


bond 
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In another embodiment of the invoation, X, Y and Z have the meanings shown below: 



X 


Y 


Z 


bond 


O 


CH2 


O 


bond 


CH2 


CH2 


bond 


0 


broid 


CH2 


0 



EachR independently represents halogen (e.g. chlorine, fluorine, ^ or 
Ci-Cg, preferably C1-C4, alkyl (e-g. methyl, ettiyl, n-propyl, isopropyl, n-butyl, isobutyl, 
tert-butyl, n-pentyl or n-hexyl). 

2 

In an embodiment of the invention, n is 1 and R represents halogen, particularly fluorine* 

3 10 
In an embodiment of the invention^R represents -NHC(0)R . 

In another embodiment of the invention, R^ represents -C(0)KR^ ^R^^. 

R*, R^, R^, R^ and R^, each independently represent a hydrogen atom or a CpCg, 
prefembly Ci-C4<, alkyl group (e-g. methyl, ethyl, n-propyU isopropyl, n-butyU isobutyU 
tert-butyl^ n-pentyl or n-hexyl). 

4 5 6 7 8 

In an embodiment of the mvention, R , R , R , R and R each mdependently represent a 
hydrogen atom or a mediyl group. 

In another embodiment of tiie invention, R , R , R and R each represent a hydrogen 
atom and R rq[)resents a methyl group. 

A. K t% ^ A 

Inan embodimrat of the invention, R ,R ,R ,R andR each rq)resent a hydrogen atom. 
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In an embodiment of the invention, t is 0» 1 or 2, particularly 0 or 1 • 

Each independently represents halogen (e.g. chlorine, fluorine, bromine or iodine), 
5 cyano. hydroxyl, carboxyl, Ci-Ce, preferably C1-C4, alkoxy (e.g. methoxy, ethoKy, n- 
propoxy or n-butoxy), Ci-Cg, preferably C1-C4, alkoxycarbonyl (e.g. methoxycarbonyl, 
e&oxycarbonyl, n-propoxycarbonyl or n-butoxycarbonylX Ci-Ce^ preferably 
C1-C4, haloallQri (e.g. trifluoiomefliyl), orCi-Ce, preferably C1-C4, alkyl (e.g. methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyU tert-butyl, n-pentyl or n-hexyl) optionally 
10 substituted by at least one substituent (e.g. one, two or three substituents) independentfy 
selected fiom caiboxyl and Ci-Q, preferably C1-C4, alkoxycaifoonyl (e.g. 
methoxycaiboir^l, ethoxycazfoonyl, n-propoxycarbonyl or n-butoxycaibonyl). 

In an embodiment oftfae invention, each R independratly represents halogen, cyano, 
, 15 hydroxyl, caiboxyl, Ci-Ce, preferably C1-C4, alkoxy, C1-C6, preferably Ci-C4> 

alkoxycarbonyl, C1-C5, preferably C1-C4, haloalkyl or Ci-Ce, preferably Ci-<:;4, alkyl. 

9 

In another embodiment of the invention, each R independently represents halogen, 
hydroxyl, carboxyl, methyl, meflioxy, methoxycarbonyl or trifhioromethyl. 

20 

9 

In a fur&er embodiment, each R independently represents halogen (particularly fluorine) 
or hydroxyl. 

9 

R is preferably bound to a caibon atom located in the para position with respect to the 
2s carbon atom to which either the oxygen atom or flie group R^ is bound, as indicated by the 
asterisks in the partial structure shown below: 
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R may represent a group Cj-C^, preferably Ci-C4> alkyl group (e.g. methyl, ethyl, 

n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl or n-hexyl), C2-C6, preferably 

C2-C4, alkenyU C3-C6 cycloalkyl (cyclopropyl, cyclobutyl, cyclopentyl or cydohexyl), 

adamantyl, C5-C5 cycloalkenyU phenyl or a saturated or unsaturated 5- to 10-membered 

heterocyclic ring system comprising at least one ring heteroatom (e*g. one, two, three or 

four ring heteroatoms independently) selected from nitrogen, oxygen and sulphur, each of 

which (i.e. each of the recited groups and the ring system) may be optionally substituted by 

one or more (e.g. one, two, three or four) substituents independently selected from nitro, 

hydroxyl, 0x0, halogen (e*g. fluorine, chlorine, bromine or iodine), caiboxyl, Ci-Cg, 

preferably C1-C4, aljsyl (e.g, mefliyl, efliyl, n-propyl, isopropyl, n-butyl, isobutyl, tert- 

butyl, n-pentyl or n-hexyl), C1-C5, preferably C1-C4, alkoxy (e.g. methoxy, ethoxy, 

n-propoxy or n-butoxy), Ci-Cg, preferably C1-C4, alkylthio (e.g. methylthio or ethylthio), 

Ci-Ce, preferably C1-C4, allQrlcaibonyl (e.g. methylcarbonyl, efhylcarbonyl, 

n-propylcarbonyl, isopropylcaibonyl, n-butylcaibonyl, n-pentylcarbohyl or 

n-hexylcaibonyl), Ci-C$, preferably C1-C4, alkoxycarbonyl (e.g. methoxycaibonyl or. 

13 

etfaoxycatbonyl), phenyl and -NHC(0>-R . 

The saturated or unsaturated S- to 10-membered heterocyclic ring system in R^^ may be 
monocyclic or polycyclic (e.g. bicyclic), examples of which include pyrrolidinyl, 
piperidinyl, pyrazolyl, thiazolidinyl, Ihienyl, isoxazolyl, thiadiazolyl, pyrrolyl, furanyl, 
thiazolyl, indolyl, quinolinyl, benzimidazolyl, triazolyl, tetrazolyU pyridinyl and 
combinations of any two or more thereof. 

In an embodiment of the invention, R^^ represents a group Ci-Cg alkyl, C^-Ce cycloalkyl, 
phenyl or a saturated orunsaturatedS- to 6-membered heterocyclic ring system 
comprising at least one ring heteroatom (e.g. one or two ring heteroatoms independently) 
selected from nitrogen, oxygen and sulphur, each of which (i.e. each of the recited groups 
and the ring system) may be optionally substituted by one, two, three or four substituents 
independently selected from nitrb, hydroxyl, 0x0, halogen, carboxyl, C1-C5, preferably 
C1-C4, alkyl, Ci-Q, preferably C1-C4, alkoxy, Ci-C6» preferably C1-C4, alkylihio. 
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Ci-C6, preferably C1-C4, alkylcaitonyl, Ci-Ce, preferably C1-C4. alkoxycaibonyl, 
phenyl and .NHC(0)-R^^. 

In another embodiment of the invention, R^^ represents a group C1-C5 alkyl, C3-C5 
cycloalkyl or phenyl, each of which may be optionally substituted by one or two 
substituents independently selected fix)m halogen, C1-C5, preferably C1-C4, alkyl and 
Ci-Ce, preferably C1-C4, alkoxy. 

In still another embodiment of the invention, R^^ represents Cj-Cg alkyl, cyclopenlyl or 
phenyl, particularly Ci-Cg alkyL 

Alternatively, R^^ may represent a group -NR^%^^ or -O-R^^. 
14 15 

R andR eachindependentlyrepresent a hydrogen atom, or a group Ci-Cg, preferably 
Ci-C4, alkyl (e.g, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl 
or n-hexyl), C1-C5, preferably C1-C4, alkylsulphonyl (e,g. mefhylsulphonyl, 
ethylsulphonyl, n-propylsulphonyl, isopropylsulphonyl, n-butylsulphonyl, 
isobutylsulphonyl, tert-butylsulphonyl, n-pentylsulphonyl or n-hexylsulphonyl), phenyl or 
a saturated or. unsaturated S- to 10-membered heterocyclic ring system comprising at least 
one ring heteroatom (e.g. one, two, three or four ring heteroatoms independently) selected 
from nitrogen, oxygen and sulphur, each group (i.e. each of the recited groups including 
the ring system) being optionally substituted as defined above for R^^ (that is, optionally 
substituted with one or more (e.g. one, two, three or four) substituents independently 
selected from nitro, hydroxyl, 0x0, halogen (e.g. fluorine, chlorine, bromine or iodine), 
carboxyl, Ci-Cg, preferably C1-C4, alkyl (e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, tert-butyl, n-pentyl or n-hexyl), Ci-Cg, preferably C1-C4, alkoxy (e.g. methoxy, 
ethoxy, n-propoxy or n-butoxy), Ci-Ce, preferably C1-C4, alkylthio (e.g. methylthio or 
ethylthio), Cj-Cg, preferably C1-C4, alkylcarbonyl (e.g. methylcarbonyl, ethylcarbonyl, 
n-propylcarbonyl, isopropylcarbonyl, n-butylcarbonyl, n-pentylcarbonyl or 
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n-hexylcarbonyl), Ci-C6, preferably C1-C4, aUcoxycarbonyl (e.g. methoxycarbonyl or 

13 

ethoxycarbonyl), phenyl and -NHC(0)-R ), 
14 15 

or R and R together vdtfa tiie nitrogen atom to which ihey are attached form a 4- to 7- 
m^bered saturated heterocyclic ring that optionally further comprises a ring nitrogen, 
oxygen or sulphur atom (e.g« pyrrolidinyl, piperidinyl, morpholino, piperazinyl or 
thiomotpholinyl), the heterocyclic ring being optionally substituted by at least one 
hydroxyl (e.g. one or two hydroxyls). 

14 15 

In R or R , the saturated or unsaturated 5- to 1 0-membered heterocyclic xing system 
may be monocyclic or polycyclic (e.g. bicyclic), examples of which include pyrrolidinyl, 
piperidinyl, pyrazolyl, tbiazolidinyl, thienyl, isoxazolyU tfaiadiazolyl, pyrrolyl, furanyl, 
thiazolyl, indolyl, quinolinyl, benzimidazolyl, triazolyl, tetrazolyl, pyridinyl and 
combinations of any two or more thereof.- 

14 15 

In an embodiment of the invention, R and R each indqiendently represent a hydrogen 
atomoraCi-C^alkylor C1-C5 alkylsulphonyl group, each group being optionally 
substituted as defined above for R^^, or R^"^ and R^^ tog^flier widx the rdtrogra atom to 
which diey are a^hed form a S- to 6-membered saturated heterocyclic ring that 
optionally further comprises a ring nitrogen, oxygen or sulphur atom, the heterocyclic ring 
being optionally substituted by at least one hydroxyL 

. 14 25 

In a furttier embodiment, R andR each independratly represent a hydrogen atom or a 

14 15 

Ci^C^ alkylsulphonyl group, or R and R together vnfh the nitrogen atom to which 
they are attached form a S- to 6-membered saturated heterocyclic ring that is optionally 
substituted by at least one hydroxyl. 

14 15 

hi a still further embodiment, R and R each independently represent a hydrogen atom 

14 15 

or a methylsulphonyl group, or R and R together wifli the nitrogen atom to which they 
are attached form a pyrrolidinyl or piperidinyl ring optionally substituted by one hydroxyl 
group. 
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R represents a hy<frogen atom, or a group Ci-Q, preferably C1-C4, alkyl (e.g. methyl, ' 
ethyl, n-propyl,isopropyl,n-biityl,is6butyl,tert-butyl,ii-pentyl or n-hexyl), phenyl or a 
saturated or unsaturated 5- to 10-membered heterocyclic ring system comprising at least 
one ring hetezoatom (e.g. one, two, three or four ring heteroatoms independently) selected 
from nitrogen, oxygen and sulphur, each group (ie. each of flie recited groups including 
the ring system) being optionatty substituted as defined above for R^** (fliat is, optionaUy 
substituted wifli one or more (e.g. mie, two, three or four) substituenis independently 
selected from nitro, hydroxyl, 0x0, halo^ (e.g. fluorine, chlorine, bromine or iodine), 
caiboxyl, Ci-Cg, preferably C1-C4, alkyl (e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, tert-butyl, n-pentyl or n-hexyl), Ci-Q, preferably C1-C4, alkoxy (e.g. methoxy, 
ethoxy, tt-propoxy orn-butoxy), Ci-Cg, preferably C1-C4, alkylthio (e.g. methylthio or 
ethyllhio), Ci-Ce, preferably C1-C4, alkylcaibonyl (e.g. methylcarbonyl, ethylcarbonyl, 
n-propylcarbonyl, isopropylcarbonyl, n-butylcarbonyl, n-pentylcarbonyl or 
n-hexylcarbonyl), Ci-Cg, preferably C1-C4, alkoxycaibonyl (e.g. metfaoxycarbonyl or 
e&oxycBibonyl), phenyl and -NHC(0)-R^^). 

In R^^ the saturated or unsaturated 5- to lO-membered heterocyclic ring system may be 
monocyclic or polycycUc (e.g. bicyclic), examples of which include pyrrolidinyi, 
piperidinyl, pyrazolyl, thiazoUdinyl, thienyl, isoxazolyl, thiadiazolyl, pyirolyl, fiiranyl, 
thiazolyl, indolyl, quinolinyl, benzimidazolyl, triazolyl, tetrazolyl, pyridinyl and 
combinations of any two or more tibeteof. 

11 12 
R andR each independently represent 

(0 a hydrogen atom, 

(ii) a 3- to 6-membered saturated or unsaturated ring optionaUy con^rising at least one 
ring heteroatom (e.g. one, two, three or four ring heteroatoms independently) selected from 
nitrogen, oxygen and sulphur and optionally fruther comprismg a bridging group 
(examples of which include cyclopropyl, cyclobutyl, cyclopentyl, cydohexyl, 
bicyclo[2.2.1]heptyl, phenyl, pyiolyl, imidazolyl, pyridmyl, pyrazinyl, pyridazinyl. 



14 



tetrazolyl, pyrimidinyl, thienyl. fiiranyl, tetrahydrofiiranyl and combinations of any two or 
more thereof), the ring being optionally substituted with at least one siibstituent (e.g. one. 
two or three substituents independently) selected fiom halogen (e.g. fluorine, chlorine, 
bromine or iodine), hydroxyl. Ci^, preferably Ci-Cj, alkyi (e.g. methyl, ethyl, 
n-propyl. isopiopyl. n-butyl, isobutyl. tert-butyl, n-pentyl, 1,1-dimetl^opyl or n-hexyl), 
Ci-Ce, preferably C1-C4, hydroxyalkyl (e.g. ^jOH, -CaH2CH20H. -CH2CH2CH2OH 
or -CH(OH)CH3) and Ci-Cg, preferably C1-C4, haloalkyl (e.g. trifluoromelhyl), 
(iii) a Ci-Cg aDgrl group optionaUy substituted by at least one substituent (e.g. one, two. 
three or four substituents independendy) selected fiom halogen (e.g. fluorine, chlorine, 
bromine or iodine), amino (-NH2), hydroxyl, Cj-Ce, preferably C1-C4, haloalkyl (e.g. 
trifluoromethyl). carboxyl, Ci-C^ preferably C1-C4. alkoxy (e.g- me&oxy, ethoxy, 
n-propoxy or n-butoxy). Ci-Cfo preferably C1-C4, alkoxycarbonyl (e.g. mettioxycarbonyl 
or elhoxycarbonyl), Cj-Cs, preferably Ci-C4. alkylcarbonylamino (e.g. 
methylcaibonylaminoorethylcarbonylamino) and a 3- to 6-membered saturated or 
unsaturated ring optionaUy comprising at least one ring heteroatom (e.g. one, two, three or 
four ring heteroatoms independently) selected fiom nitrogen, oxygen and sulphur and 
optionally further comprising a bridging group (examples of which include cyclopropyl. 
cydobutyl, cyclopentyl, cyclohexyl, bicyclo[2.2.1]heptyl, phenyl, pyrolyl, imidazolyl, 
pyridinyl, pyrazinyl, pyridazinyl, tetrazolyl, pyrimidinyl, thienyl, furanyl, 
tetrahydrofiiranyl and combinations of any two or more thereof), the ring being optionally 
substituted with at least one substituent (e.g. one, two or three substituents independently) 
selected fi-om halogen (e.g. fluorine, chlorine, bromine or iodine), hydroxyl, 0x0 (K)), 
Ci-Cfi, preferably C1-C4. alkyl (e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl. isobutyl, 
tert-bulyl, n-pentyl or n-hexyl), Ci-Ce, preferably Cj-Q, hydroxyalkyl (e.g. -CH2OH, 
-CH2CH20H,-CH2CH2CH20H or -CH(OH)CH3) and Q-Ce. preferably C,.C4, 
haloalkyl (e.g. trifluoromethyO, <w 

(iv) Ci-Cfi, preferably C1-C4, alkylsulphonyl (e.g. methylsulphonyl or ethylsulphonyl). 



or 

.11 .^12 



R andR together with the nitrogen atom to which they are attached fonn a 4- to 7- 
membered saturated heterocyclic ring that optionally fimher comprises a ring nitrogen. 
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oxygea or sulphur atom (e.g. pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl or 
tfaiomorpholinyl) and that is optionally fused to a henzeae ring to fbim a 8- to 1 1- 
membered ring system (eg. dihydroisoquinolinyl or dihydroisoindolyl), the heterocyclic 
ring or ring system being optionally substituted with at least one substituent (e.g. one, 
two,three or four substituents independently) selected from halogen (e.g. fluorine, ddorine, 
bronnne or iodine), hydroxyl, amido (-CONH2), Ci-Cs, preferably C1-C4, aUgrl (e.g. 
methyl, ethyl, n-propyl, isopropyl, n-but^ isobutyl, tert-butyl, n-pentyl or n-hexyl), 
Ci-C6» preferably C1-C4, hydroxyalkyl (e.g. .CH2OH, <:H2CH20H, -CH2CH2CH2OH 
or -CH(OH)CH3), Ci-Cg, preferably Ci-C4,alko}Qr(e.g.metfioxy,ethoxy,n-propoxy or 
nrbutoxy), Ci-Cg, preferably C1-C4, alkoxycarbonyl (e.g. metfaoxycarbonyl or 
ethoxycarbonyl), Ci-Cs, preferably C1-C4, haloalkyl (e.g. trifluoromethyl), Ci-Cg, 
preferably C1-C4, alkylamino (c.g. methylamino or ethylamino), di-Ci-Ce, preferably 
C1-C4, alkylammo (e.g. dimethylamino), Ci-Q, preferably C1-C4, alkylcarbonyl (e.g. 
methylcarbonyl or ethylcarbonyl), Ci-Ca, preferably C1-C4, alkylcarbonylamino (e.g. 
methylcarbonylamino or ethylcaibonylamino), C1-C5, preferably 
C1-C4, alkylaminocarbonyl (e.g. metfaylaminocarbonyl or ethylaminocarbonyl), di-Ci-C6» 
preferably Ci-C4,alkylaminocarbonyl(e.g,dimethylaminocarbonyl), phenyl, halophenyl 
(e.g. fluorophenyl or chlorophenyl), phenylcarbonyl, phenylcarbonyloxy and 
hydroxydiphenyfanethyl. 

1 1 12 

In an embodiment of the invention, R and/or R represents a 3- to 6-membered 
saturated or unsaturated ring optionally comprismg at least one ring heteroatom (e,g. one, 
two, three or four ring heteroatoms independently) selected from nitrogen, oxygen and 
sulphur and optionally frurther corrqirising a bridging groiq;), the ring being optionally 
substituted with at least one substitumt (e.g. one, two or three substituents independently) 
selected from hydroxyl, Ci-Cs, preferably Ci-C5,alkyl (e.g. methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobufyl, tert-butyl, n-pentyl, 1,1-dimethylpropyl or n-hexyl) and 
C1-C6, preferably C1.C4, hydroxyalkyl (e.g. -CH2OH, <H2CH20H, -CH2CH2CH2OH 
or -CH(OH)CH3). 
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In a further embodiment of the invention, ^ and/or R^^ represents a 3- to 6-membered 
saturated or unsaturated ring optionally comprising at least one ring nittogen atom and 
optionally further comprising a bridging group (in particular, cyclopropyl, cydopentyl. 
cyclohexyl, bicyclo[2.2.1]heptyl, phenyl, pyrrolidinyl and tetiazolyl), the ring being 
optionaUy substituted with at least one substituent (e.g. one, two or fliree substituents 
independently) selected from hydroxyl, C1-C5 allcyl and C1-C2 hydroxyalkyl. 

In an embodiment of the invention, R^ ^ and/or R^^ represents a Ci-Cg zlkyl group 
optionaUy substituted by at least one substituent (e.g. one, two, three or four substituents 
independent^) selected from amino, hydroxyl, Ci-Ce, preferably C1-C4, ^xy (e.g. 
methoxy, ethoxy, n-propoxy or n-butoxy), Ci-Cg, preferably C1-C4, alkoxycaibonyl (e.g. 
melho^grcarbonylorethoxycaibonyl), Ci^^e, preferably C1-C4, alkylcaibonylamino (e.g. 
methylcarbonylaraino or ethylcarbonylamino) and a 3- to 6-membeted saturated or 
unsaturated ring optionally comprising at least one ring hetetoatom (e.g. one, two. three or 
four ring heteroatoms indqjendently) selected from nitrogen and oxygen and optionaUy 
further comprising a bridging group, the ring being optionaUy substituted wifli at least one 
substituent (e.g. one, two or three substituents independently) selected from halogen (e.g. 
fluorine, chlorine, bromine or iodine), hydroxyl, 0x0, Ci-C<j, preferably C1-C4, alkyl 
(e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl or n-hexyl), 
Ci-Cfi, preferably C1-C4, hydroxyalkyl (e.g. -CH2OH, -CH2CH2OH. -CH2CH2CH2OH 
or -CH(OH)CH3) aod Ci-Cs. preferably C1-C4. haloalkyl (e.g. trifluoromethyl). 

In another embodiment of the invention, R* ^ and/or R*^ represents a Ci-Ce alkyl group 
optionally substituted by at least one substituent (e.g. one, two, Oree or four substituents 
independently) selected from amino, hydroxyl, Ci^4aBcoxy, C1-C2 aUcoxycaibonyl, 
C1-C2 aUq^lcarbonylamino and a 3- to 6-membered saturated or unsaturated ring 
optionally comprising one or two ring heteroatoms selected fiom nitrogen and oxygen and 
optionaUy further comprising a bridging group (m particular, cyclopropyl, 
bicyclo[2.2.1]heptyl, phenyl or tetrahydrofuraiqrl), the ring bemg optionaUy substimted 
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with at least one substituent (e.g, one, two or three substituents indqjendently) selected 
from 0X0 (e.g. to form a 2,S-dioKoiimdazolidmyl ring) and C1-C2 aliyL 

1 1 12 

In an embodiment of the invention, R and R together ivitfa the nitrogen atom to which 
they are attached form a 4- to 7-membered saturated heterocyclic ring that optionally 
further comprises a ring nitrogen, oj^gen or su^hur atom (e.g. pyirolidinyl, piperidinyl, 
piperazinyl, moipholinyl or thiomorpholinyl) and that is optionally fused to a benzene ring 
to form a 8- to 1 1-membered ring system (e.g. dihydroisoquinolinyl or dihydroisoindolyl), 
the heterocyclic ring or ring ^stem being optionally substituted with at least one 
substituent (e,g. one, two,tfaree or four substituents independently) selected from halogen 
(e.g. fluorine, chlorine, bromme or iodine), hydroxyl, amido, Ci-Cg, preferably 
C1-C4, alkyl (e.g. mediyl, ettyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl 
or n-hexyl), Ci-C6> preferably C1-C4, hydroxyalkyl (e.g. .CH2OH, -CH2CH2OH, 
-CH2CH2CH2OH or ^H(OH)CH3), Ci-C6, preferably C1-C4, alkoxy (e.g. methoxy, 
ethoxy, n-propoxy or n-butoxy), Ci-Cg, preferably C1-C4, alkoxycarbonyl (e.g. 
methoxycarbonyl or ethoxycarbonyl), Ci^Ce, preferably C1-C4, haloallqrl (e.g. 
trifluoromethyl), di-Ci-Ce, preferably Ci-C4,alkylamino (e.g. dimethylamino), Ci-Ce, 
preferably C1-C4, alkylcarbonylamino (e.g. methylcarbonylamino or ethylcarbonylamino), 
di-Ci-C5, preferably alkylaminocarbonyl (e.g. dimethylaminocarbonyl), phenyl, 

halophenyl (e.g. fluorophenyl or chlorophenyl), phenylcarbonyloxy and 
hydroxydiphenylmethyl. 

1 1 12 

In an embodiment of the invention, R and R together with the nitrogen atom to which 
they are attached form a 5- to 6-membered saturated heterocyclic ring that optionally 
furfter comprises a ring nitrogen, oxygen or sulphur atom and that is optionally fused to a 
benzene ring to forai a 9- to 10-membered ring system, the heterocyclic ring or ring system 
being optionally substituted with one or two substituents indqjendently selected from 
fluorine, hydroxyl, amido, Ci^2 alkyl, C1-C2 hydroxyalkyl, Ci-C2aIkoxy, 
C1-C2 alkoxycarbonyl, C1-C2 haloaUqrl, di-Ci-C2 alkylamino. 
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Ci-C2 alkylcarbonylamino, di-Ci-Ca alkylaminocarbonyl. phenyl, chlorophenyl, 
phenylcarbonyloxy and hydro3QrdiplienylmelIiyL 

In another embodiment of Ae invention, r" andR*^ together vofh the nitrogen atom to 
which they are attached form a heterocycUc ring or ring system selected from pyirolidinyl, 
piperidinyl, piperazinyl, moipholmyl, Ihiomorpholinyl, dihydroisoqumolinyl and 
dihydroisoindolyl, the heterocyclic ring or ring system being optionaUy substituted with 
one or two substituents independently selected fiom fluorine, hydroxyl, amido. methyl. 
hydroxymethyU 2-hydtoxyethyl, meflioxy, methoxycaibonyl, trifluorometfayl, 
dimelhylamino, methylcaibonylamino, dime&ylaminocarfxmyl. phenyl, chlorophenyl, 
phoiylcaibonyloxy and hydro^^phoiylm^yl. 

^12a 

R represents a hydrogen atom or a Ci-Ce. prefeiabfy C1-C4, alkyl (e.g. methyl, ethyl, 
n-propyl, isopropyl, n4>utyl, isobutyl, tert-butyl, n-pentyl or n-hexyl) group. 

In an embodiment of the invention. R*^ represents a hydrogen atom or methyl group. 
13 

R represents a Ci-Cg, preferably C1-C4. alkyl group (e.g. methyl, elhyl, n-propyl, 
isopropyl, n-bulyl, isobutyl, tert-butyl, n-pentyl or n-hexyl), amino or phenyl group. 

hx an embodiment of the invention: 
m is 1; 

R represents halogen; 

X represents a bond, -CH2- or -0-, Y represents a bond, -CH2- or -O- andZ 
represents -CH2- or -0-, provided that X, Y and Z are different to one another, 
n is 0; 
qis 1; 

R^ represents -NHC(0)R*° or -C(0)Nr"r*^; 

4 5 6 7 8 
R ,R ,R ,R andR each represent hydrogen or mefliyl; 

tisOorl; 



19 



R represents halogen or hydioxyl; 

R represents methyl; and 
11 12 

R andR each independently represent hydrogen ormetfayl. 



Exan^les of compounds of Oie invention include: 

2<{(2S>3-[(5-Chloro-3ifir-spin>[l.henzofurm 
hydroxypropyl}oxy>4-hydroxy-iNr-metfaylbenzamide, 

iS^2-<{(2S)-3.[5<Woro-3£r-spiro[l-ben20furan-2,r^ 
hydroxypropyl} oxy>4-fluoropheny l]acetamide, 

2-( {(2S)"3-[{5-CUoro-3/f-spiro[l-benzo£uratt-2, 1 •-cjrclohexan]-4'-yl)amino]-2- 
lQrdn>xypropyl}oxy)-A^-mefhylbenzamide, 

^-[2K{(2S)-3-[(5-ailoro-3/f-qairo[l-benzofu^ 1 •-cyclohexan]-4'.yl)amino>2- 
hydroxypropyl}oxy)-4-hydroxyphenyl]acetamide, 

^-[2-({(2S)-3-[(5-Chloro-3/f.spiro[l-benzofiiran^^ 
hydioxy-2-methylpropyl}oxyH-hydroxyphenyl]acetamide (trifluoro acetate), 
and pharmaceutically acceptable salts and solvates of any one thereofl 

The present invention further provides a process for the preparation of a compound of 
formula (I) or a pharmaceutically acceptable salt or solvate thereof as defined above which 
comprises, 

(a) reacting a compound of formula 



wherein m,R ,n,R ,q,X, Y and Z are as defined in formula (I), with a compound of 




formula 
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»3 „4 „5 _6 „7 ^8 : 



(HI) 



wherein R", R"*, R^, R", r', r", t and r' are as defined in fonnula (I);, or 
(b) reacting a conqMnmd of foimula 




wherein m, R\ n, R*. q. X. Y, Z, R^ R^ R*, r' and r" are as defined in foimula (I), wilh 
a compound of fonnula 



(IV) 




(V) 

3 9 

wherein R , t and R are as defined in fonnula (I), in the presence of a suitable base; or 

3 10 
(c) whenR represents .NHC(0)R , reacting a compound of formula 




(VI) 



wherein m, R^ n, R^ q, X, Y, Z, r'*, R^ R^ R^, R^ t and r' are as defined in fonnula 
with a compound of formula 
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wherein L represents a leaving group (e.g. a hydroxyl group or a halogen atom such as 
chlorine) and R^^ is as deiBned in foromla (I); or 




(vm) 



wherein L represents a leaving groiq;> (e.g. a hydroxyl group or a halogen atom such as 
chlorine) and m, r\ n, R^ q, X, Y, Z, R^ R^ R^ R^ R^ t and R^ are as defined in 
formula (0, with a compound of formula (DC), NHR^ ^R^^ wherein R^^ and R^^ are as 
defined in formula (I); or 

(e) when R^ represents -NHC(0)R^^ R^^ represents -NR^ and R*^ and R^^ both 
represent hydrogen, reacting a compound of formula (VI) as defined in (c) above with 
potassium cyanate; 

and optionally after (a), (b), (c), (d) or (e) forming a pharmaceutically acceptable salt or 
solvate. 

The processes of the invention may conveniently be carried out in a solvent, e.g. an organic 
solvent such as an alcohol (e.g. methanol or ethanol), a hydrocarbon (e.g. toluene) or 
tetrahydrofuran, dimethylformamide, N-methylpyrrolidinone or acetonitrile at a 
temperature of, for example, O^C or above such as a temperature in the range from 0, 5, 10, 
15 or20*'C to 100, 110 or 120«*C. 
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Compounds of fonnulae (II), (III), (IV), (V), (VI), (VH), (Vm) and (IX) are either 
commercially available, are known in the literature or may be prepared using known 
techniques. 

It will be appreciated by those skilled in the art that in the processes of the present 
invention certain functional groups siich as hydroxyl or amino groups in the reagents may 
need to be protected by protecting groups. Thus, the preparation of the compounds of 
formula (0 may involve, at an appropriate stage, the removal of one or more protecting 
groups. 

The protection and deprotection of functional groups is described in Trotective Groups in 
Organic Chemistry', edited by J.W.F. McOmie, Plenum Press (1973) and 'Protective 
Groups in Organic Synthesis*, 3*^ edition, T. W. Greene and P.G-M. Wuts, Wiley- 
Interscience (1999). 

The compounds of formula (t) above may be converted to a phannaceutically acceptable 
salt or solvate tiiereof, prefembly an acid addition salt such as a hydrochloride, 
hydrobromide, phosphate, acetate, fiimarate, maleate, tartrate, citrate, oxalate, 
methanesu^honate orp-toluenesulphonate. 

Conq;>ounds of formula (I) are capable of existing 'm stereoisomeric forms. It will be 
imderstood that die invention encompasses the use of aU geometric and optical isomers 
(including atrcpisomers) of the compounds of formula Q) and mixtures thereof including 
racemates. The use of tautomers and mixtures diereof also form an aspect of the present 
invention. Enantiomerically pure forms are particularly desired. 

The compounds of formula (I) have activity as pharmaceuticals, in particular as modulators 
of chemokine receptor (especially MlP-la chemokine receptor) activity, and may be used 
in the treatment of autoimmune, inflanunatory^ proliferative and hyperproliferative 
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diseases and immunologically-mediated diseases including rejection of transplanted organs 
or tissues and Acquired l^nmunodeficie^cy Syndrome (AIDS). 

Examples of these conditions are: 

(1) (the respiratory tract) airways diseases including chronic obstructive pulmonary 
disease (COPD) such as irreversible COPD; asthma^ such as bronchial, allergic, 
intrinsic, extrinsic and dust asthma, particularly chronic or inveterate asthma (e.g. late 
asthma and airways hyper-responsiveness); bronchitis; acute, allergic, atrophic rhinitis 
and chronic rhinitis including rhinitis caseosa, hypertrophic rhinitis, rhinitis pumlenta, 
rhinitis sicca and rhinitis medicamentosa; membranous rhinitis including croupous, 
IBbrinous and pseudomembmnous rhinitis and scrofoulous rhinitis; seasonal rhinitis 
including rhinitis nervosa (hay fever) and vasomotor rhinitis; sarcoidosis, fanner's 
lung and related diseases, fibroid lung and idiopathic interstitial pneumonia; 

(2) (bone and Joints) rheumatoid ardiritis, seronegative spondyloarthropathies (including 
ankylosing spondylitis, psoriatic arthritis and Reiter's disease), Behcet's disease, 
Sjogren's syndrome and systemic sclerosis; 

(3) (sIdn)psoriasis»atopical dermatitis, contact dennatitis and o&ereczmatous 
dermitides, sebonfaoetic demsatitis. Lichen planus, Pen^ihigus, bullous Pemphigus, 
Epidermolysis bullosa, \uticaria, angiodermas, vasculitides, erythemas, cutaneous 
eosinophilias, uveitis. Alopecia areata and vernal conjunctivitis; 

(4) (gastroint^tinal tract) Coeliac disease, proctitis, eosinopilic gastro-enteritis, 
mastocytosis, Crohn's disease, ulcerative colitis, food-related allergies which have 
effects remote from the gut, e.g., migraine, rhinitis and eczema; 

(5) (other tissues and systemic disease) multiple sclerosis, atherosclerosis. Acquired 
Immunodeficiency Syndrome (AIDS), lupus erythematosus, S3^emic lupus, 
erydiematosus, Hashimoto's thyroiditis, myasthenia gravis, type I diabetes, nephrotic 
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syndrome, eosinophiHa fascitis, hyper IgE syndrome, lepiomatous leprosy, sezary 
syndrome and idiopathic thrombocytopenia piqiura; 

(6) (aUograft rejection) acute and chronic foUowing, for example, transplantation of 
kidney, heart, Uver, lung, bone manow, skm and cornea; and chronic graft versus host 
disease; 

(7) cancers, especia% non-small cell lung cancer (NSCLC) and squamous saiccnna; 

(8) diseases in which angiogenesis is associated with raised chemokme levels; and 

(9) cystic fibrosis, stroke, re-perfusion injury in the heart, brain, peripheral limbs and 



Thus, the present invention provides a compound of fomaula (I), or a pharmaceutically- 
acceptable salt or solvate thereof, as hereinbefore defined for use in therapy. 

In a further aspect, the present invention provides the use of a compound of foraiula (J), or 

a phannaceuticaUy acceptable salt or solvate thereol^ as hereinbefore defined m flie 
manu&cture of a medicament for use in therapy. 

In the context of the present specification, the temi "therapy!' also includes "prophylaxis" 
unless there are specific indications to die contrary. The terms "flierapeutic'' and 
"therapeutically" should be construed accordingly. 

The invention also provides a method of treating an inflammatoiy disease which comprises 
administering to a patient in need Aereof a therapeuticaUy effective amount of a compound 
of formula (I), or a pharmaceuticaUy acceptable salt or solvate thereof, as hereinbefore 
defined. 
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The invmtion still fiiifher provides a method of treating an airways disease which 
comprises administering to a patient in need th^eof a therapeutically effective amount of a 
compound of formula or a phamiaceutically acceptable salt or solvate thereof, as 
hereinbefore defined 

For the above-mentioned therapeutic uses tiie dosage administered will, of course, vary 
with the compound employed, the mode of administration, the treatment desired and the 
disorder indicated. The daily dosage of the compound of formula (1) may be in the range 
from 0.001 mg/kg to 30 mg/kg. 

The compounds of formula (I) and pharmaceutically acceptable salts and solvates thereof 
may be used on ttieir own but will gmeraliy be administered in the form of a 
pharmaceutical composition in which tiie formula Q) compoimd/salt/solvate (active 
ingredient) is in association witii a pharmaceutically acceptable adjuvant, diluent or carrier. 
Dependir^ on the mode of administration, the pharmaceutical conqiosition will preferably 
comprise from 0,05 to 99 %w (per cent by weight), more preferably from 0.05 to 80 %w, 
stai more pireferably from 0.10 to 70 %w, and even more pieferably from 0.10 to 50 %w, 
of active ingredient, all percentages by weight being based on'total conq)osition. 

The present invention also provides a pharmaceutical conqposition comprising a con^und 
of formula (I), or a pharmaceutically acceptable salt or solvate thereof as hereinbefore 
defined, in association with a pharmaceutically acceptable adjuvant, diluent or carrier. 

The invention further provides a process for the preparation of a pharmaceutical 
composition of the invention which comprises mixing a compound of formula (I), or a 
pharmaceutically acceptable salt or solvate thereof, as hereinbefore defined, with a 
pharmaceutically acceptable adjuvant, diluent or carrier. 

The pharmaceutical compositions may be administered topically (e.g. to the skin or to tiie 
lung and/or airways) in the form, e.g., of creams, solutions, suspensions, heptafluoroalkane 
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aerosols and dry powder fonnulatioflis; or systemically, e.g. by oral administration in tiie 
form of tablets, capsules, syrups, powders or granules; or by parent^al administration in 
the form of solutions or suspensions; or by subcutaneous administration; or by rectal 
administration in ttie form of suppositories; or transdermally. 

The invention will now be further explained by reference to the following illustrative 
examples^ in which NMR spectra were recorded on Varian Unity Inova 400. The 
central solvent peak of chlorofotm-rf (5h 7.27 ppm), acetone-JaCSH 2.05 ppm), DMSO-ffc 
(5h 2.50 ppm), or methanoW4 (5h 4.87 ppm) were used as internal standard Low 
resolution mass spectra and accurate mass determination were recorded on a Hewlett- 
Packard 1 100 LC-MS system equipped with APCI /ESI ionisation chambers. 
All solvents and commercial reagents were laboratory grade and used as received. 
The nomenclature used for the compounds was generated with ACD/IUPAC Name Pro. 
The abbreviations or terms used in the exanq;>le$ have the following meanings: 



THF 


tetrahydiofuran 


NH4CI 


ammonium chloride 


Na2S04 


sodium su]^[ihate 


NaH 


' sodium hydride 


DMF 


; M^-dimethylfoxmamide 


H2O 


: water 


CF3CO2H 


; trifluoroacetic acid 


K2CO3 


: potassium caibonate 


CH2CI2 


: dichloromethane 


NH4OH 


: ammonium hydroxide 


CH3CN 


: acetonitrile 


psi 


: pounds per square inch 


CS2CO3 


: caesixmi carbonate 


HCl 


: hydrochloric acid 


NaHC03 


: sodium hydrogencariionate 


Et3N 


: triethylamine ' 
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DMAP : 4-diinetbylaminopyridine 
NaOEt : sodium epoxide 

Examples 

Intermediate compound! (5-CMoriH3g-spirori-bcnzofiirap-2.1^-cvclohexanM^- 
vHamine 




StepI 

rerr-Batyl[4K5-cldoro*2-fluorobenzylH-hydroxyGyd^ 

To a suspension of magnesium strip (283.6 mg, 1 1.67 mmol) in diethyl ether (4 mL) was 
added a piece of iodine followed by 0.3 mL of 2-<bromomefl]yl)-4-clilorp-l-fluon)benz6ne 
under nitrogen atmosphm. A high intensity heat gun was £q>plied to initiate the reaction, 
then 2-(bromomethyl>4-chloro-l-fluorobenzene (2.61 g, 1 L67 mmol) in dieAyl ether (4-5 
mL) was added slowly at such a speed that a gentle reflux was maintained. Afierthe 
addition was completed, tiie reaction mixture was refhixed for 3 hours, cooled to room 
temperature and a solution of tert-butyl (4-oxocyclohexyl)caibamate (2.49 g, 1 1.67 mmol) 
in diethyl ether (9 mL) and THF (9 mL) was added slowly with vigorous stirring. After the 
addition was completed, the reaction mixture was left at room temperature for 3 hours. 
Aqueous NH4CI (20 mL) was added and the mixture was stirred at room temperature 
overnight, extracted with ethyl acetate, washed with H2O, dried over Na2S04, filtered and 
concentrated in vacuo. The residue was purified by silica gel flash chromatography (0- 
30%ethyl acetate in petroleum benzene) to give the subtitied compound (1.4 g). 



Step II 
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(S-Cliloro-3ff-spiro[l-benzofuran-29l^-cyclohexan]-4'-yl)an^ 
A mixture of £^-bu^l[4-(5-chloiX)-2-fluoiobenzyl)-4-hydro carbamate (1.4 

g,3.91mmoI)andNaH(55%,511mg, 1 L73 mmol) in toluene (21 mL) was heated at 
1 10 for 5 minutes. DMF(7mL) was added and the nuxtuie was stirred at 110 "^C for 30 
minutes before allowing to cool to room temperature. The reaction mixture was 
partitioned between ethyl acetate and H2O. The organic layer was dried ovor Na2S04, 
filtered and concentrated. The residue was purified by HPLC (10-45% acetonitrile m H2O, 
0.1% CF3CO2H) to give the corresponding trifluoroacetate salt which was converted to the 
free base to give the titled compotmd (60 mg). 

^H-NMR (CD3OD, 400 MHz): 8 7.15 (s, IH), 7,06 (dd, J= 2.1, 8.5 Hz, IH); 6.65 (d, 
8^, Hz, IH); 3.27 (m, IH); 3.11 (s, 2H); 2.15-2.05 (m, 2H); 2.00-1.91 (m, 2H); 1.90-1.80 
(m, 2H); 1.75-1.56 (m, 2H). 
APCI-MS: miz 238(MH*)- 

Example 1 

2<{(2S)-3-[(5-CUoro-3fl^spiro(14>enzofiiiw-2^^ 
taydroxypropyi}o:gr)-4-hydroxy*iV-mettayIbeiiz^ 




Step I 

Methyl 2-hydroxy-4[(4*methoxybeiizyQoxy]beiizoate 

A mixture of methyl 2,4-dihydx0xybenzoate (3.36 g, 20.0 mmol)» p-methoxybrazyl 
chloride (3.29 g, 21 .0 mmol) and K2CO3 (2.9 g, 21 .0 mmol) in acetone (40 mL) was 
refluxed over night, cooled to room temperature, filtered and concentrated m vacuo. The 
residue was dissolved in ethyl acetate and washed with H2O. The organic layer was dried 
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over Na2S04, filtered and concentrated. The residue was crystallized ftom methanol to 
give the sub titled conq;>ound (2.S g). 

^H-NMR (CDCI3, 400 MHz): 6 7.76 (d, •/= 8.9 Hz, IH); 7.39 (m, 2H); 6.94 (m, 2H); 6.55 
(d, J= 2.5 Hz, IH); 6.52 (dd, /= 2.5, 8.9 Hz, IH); 5.00 (s, 2H); 3.99 (s, 3H); 3.84 (s, 3H). 
Reference: V. Percec, D. Tomazos J. Mater. Chem. 1993, 3, 643-650. 

StepU 

2-Hydroxy-4-((4-methoxybenzyl)oxyl-iV-methylbcnzaniide 

To a suspension of methyl 2-hydroxy-4[(4-methoxybenzyl)oxy]benzoate (500 mg, 1.73 
mmol) in methanol (15 naL) was added 40% aqueous methyl amine (3 mL) at 0 and the 
reaction mixture was stined at room tenmperature over the weekend The volatiles were 
removed in vacuo to give the subtitled compound (500 mg). 

'H-NMR (DMSO-d6, 400 MHz): 5 8.60 (m. IH); 7,70 (d, J- 8.8 Hz, IH); 7.38-7.33 (m, 
2H); 6.96-6.91 (m, 2H); 6.49 (dd, 2.6. 8.8 Hz, IH); 6.42 (d. 2.6 Hz, IH); 5.00 (s, 
2H); 3.75 (s, 3H); 2.77 (d, J« 4.6 Hz, 3H). 
APCI-MS: m/z 288(MH*), 

StepUI 

4-{(4-Mefhoxybenzyl)oxy]-iV-methy!-2-[(2S)-oxiran-2-ylmet]^^ 

A mixture of (2S)-oxiran-2-ylmethyl 3-nitrobenzenesulfonate (151 mg, 0.584 mmol), 
2-hydroxy-4-[(4-methoxybenzyl)oxy]-Ar-methylbenzamide (168 mg, 0.584 mmol) and 
CS2CO3 (228 mg, 0.7 mmol) in DMF (4 mL) was stiired at room temperature over night. 
The reaction mixture was partioned between ethyl acetate and H2O. The organic layer was 
dried over Na2S04, filtered and concentrated. The residue was purified by silica gel flash 
chromatography (0-90% ethyl acetate in petroleum benzene) to give the subtitled 
compound (150 mg). 



30 



*H-NMR (DMSO-d6, 400 MHz): 8 7.90 (m, IH); 7.75 (d, J= 8.7 Hz, IH); 7.35 (d, 8.6 
Hz, 2H); 6,96^.91 (xn, 2H); 6.74 (d, 7= 23 Hz, IH); 6.69 (dd, J= 2.3, 8.7 Hz, IH); 5.12 
(s, 2H); 4.48 (dd,J« 2.5, 11.5H2, lH);4.02{dd,/=6.0, 11.5 Hz, IH); 3.75 (s, 3H); 3.42 
(m, IH); 2.86 (t, 7= 4.9 Hz, IH); 2.79 (d, 4.7 Hz, 3H); 2.73 (dd, 7« 2.7, 5.0 Hz, IH). 
APCI-MS: nVz 344(MH*), 

Step IV 

2-({(2S)-3-[(5-CiiIoro>3H-spiro[l-beiizofuiwi-24'*cycIohexan)-4'^ 
bydroxypropyI}oxy)-4-[(4*methoxybeiizyl)oxy)^iV'-methylbe]i^ 
A mixture of (5-chloro-3iy-spiro[l-benzofuran-2,r-cyclohex (25 mg, 

0.105 mmol) and4-[(4-methoxybenzypoxy]-iV-methyl-2-[(2S)-oxiran-^^ 
ylmethoxyjbenzamide (36.3 mg, 0. 105 mmol) in ethanol (2 mL) was stirred at 80 
overnight Tbe volatiles were removed in vacuo and the residue was purified by silica gel 
flash chromatography (0-2% methanol in CH2CI2, 0.2% NH4OH) to give the subtitled 
contq>ound (15 mg). 

APa^MS: m/z 581(MH*). 

StepV 

2*<{(2S>-3-[(S-CMoro73i7-spiro[l-beii2ofiuirra^ 
hydroxyprop^}oxy>-4*hydroxy-iV-methyIbeiizamide 

2-( {(2S)-3-[(5-chloro-3/f-$piio[l-benzofuran-2,l '-^clohexan]-^ 

hydroxypropyl}oxy)-4-[(4-medioxybens^l)oxy]-i\r-mefirylbenzaa^ (IS mg, 0.026 mmol) 
was treated with 10% CF3CO2H in CH2CI2 (3 mL) at room temperature for 20 minutes. 
The volatiles were removed in vacuo and tiie residue was purified by HPLC (10-50% 
CH3GN in H20, 0.2% NH4OH) to give the titled compound (6 mg). 

^H-hfMR(CD3OD,400MH2):57.79(d,J«8.6Hz, IH); 7.13 (m, IH); 7.02 (dd, J = 2.3, 
8.5 Hz, IH); 6.61 (d, 7= 8.5 Hz, IH); 6.51 (d, 7 = 2.2 Hz, IH); 6.47 (dd, J« 2.2, 8.6 Hz, 
IH); 4.2M.04 (m, 3H); 3.07 (s, 2H); 2.92 (s, 3H); 2.87 (dd, J« 4.3, 12^ Hz, IH); 2.77 
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(dd. 7= 7.5, 12.2 Hz, IH); 2,69 (m, IH); 2.01 (m, 2H); 1.90 (m, 2H); 1.78 (m, 2H); 1.39 
(m, 2H). 

APa-MS: m/2 461(MH*). 
Example 2 

7V-2-({(2S)-34S<Moro-3H»siiirori-beiiziiftirai^ 
hydroxypropyl}oxyH-fluoroplienyl)acetaiiiide 

O^CHg Chiral 




CI ^ 
Step I 

A^-(4>Flaoro-2-hydroxyphenyI)acetaiiiide 

A mixture of 5-fluon)-2-iutrophenol (5 g, 31.8 mmol), acetic anhydride (4.86 g, 47.7 
mmol) and platinum on caibon (5%, 200 mg) in methanol was hydrogenated at 35 psi for 3 
hours. The catalyst was filtered oflf and the residue was purified by silica gel flash 
chromatogr^y to give the subtitled conqpound (4.7 g). 

»H-NMR (CDjOD. 300 MHz): 8 7.56-7.51 (m, IH); 6.61^.50 (m, 2H); 2.15 (s, 3H[). 
APCI-MS: m/z 170(MH*). 

Stepn 

iV-{4-Fluoro-2-((2S)-ox!ran-2-ylmethozy)pheiiyl}acetamide 

A mixture of iV<4-fhioro-2-hydroxyphenyl)acetamide (1.69 g, 10.0 mmol), (2S)-oxiran 2- 
ylmethyl-S-nitrobenzenesulfonate (2.59 g, 10.0 mmol) and CS2CO3 (4.87 g, 15.0 mmol) in 
DMF (15 mL) was stirred at room temperature for 2 hours. The reaction mixture was 
partitioned between ethyl acetate and HjO. The organic layer was dried over Na2S04, 
filtered and concentrated. The residue was purified by silica gel flash chromatography to 
give the subtitled compound (1 35 g). 
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'H-m!R(CDa3, 400 MHz): 6 8.33-8.29 (m, IH); 7.71 (br. s, IH); 6.74-6.66 (m, 2H); 
4.39-4.36 (m, IH); 3.95-3.90 (m, IH); 3.41-3.39 (m, IH); 2.99-2.97 (m, IH); 2.80 (m, IH). 
APa-MS: m/z226(MH*). 

Stepm 

A'-2-({(2S)-3-(5-Chloro-3JEr-spirQll-benzofuran-24*-cyclohexanl-4'-yl)a0iin 
hydroxypropyl}oxy)-4-fluorophenyl)acetamide 

A mixture of (5-cUoro-3/f-spm)(l-benzofuran-2,r-cyclohexan]-4'-yl)aniine (11.6 mg, 
0.049 mmol) andA/^{4-fluoio-2-[(2S>oxiraii-2-ylmethoxy] phenyl}acetamide (11 mg, 
0.049 mmol) in etfaanol (1 .5 mL) was stirred at 80 ''C overnight The volatiles were 
removed in vacuo and the residue was purified by silica gel flash chromatography (0-1 .5 % 
meHianol in OOzCh, 0.2% NH4OH) to give the titled conqiound (10 mg}. 

'H-NMR (CD3OD, 400 MHz): 8 7.87 (dd, J= 62, 8.9 Hz, IH); 7.13 (m, IH); 7.05 (dd, J* 
2.3, 8.5 Hz, IH); 6.86 (dd, 7= 2.7, 10.S Hz, IH); 6.71-6.64 (m, IH); 6.61 (d, J= 8.5 Hz, 
IH); 4.14-4.07 (m, 2H); 3.99 (dd, 7= 7.1, 10.6 Hz. IH); 3.08 (s, 2H); 2.89 (dd, J= 4.0, 
12.0 Hz, IH); 2.77 (dd, 7.6, 12.0 Hz, IH); 2.69 (m, IH); 2.17 (s, 3H); 2.04 (m, 2H); 
1.90 (m, 2H); 1.78 (m, 2H); 1.40 (m, 2H). 
APCI-MS: m/z 463(ME0- 

Example 3 

2-({(2S)-3-[(S-Clrioro-3fi^piro[l-beiizofui^-24'-cydoharan]-4'-yl)a^ 
hydroxypropyI}oxy)-A^-methyIbeiizamide 




Chiral 



Step I 
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2-Hydroxy-iV-methylbeiizaiiiide . 

A solution of methyl salicylate (5.16 mL, 40 mmol) in meOanol (10 mL) was added 
dropwise to aqueous 40% methylamine (18.1 mL, 210 mmol) at 0 "C. After the addition 
was completed the reaction mixture was stirred at room temperatoie overnight The 
volatUes were removed in vacuo to give the subtitled compound (5.48 g). 

'H-NMR (CDjOD, 400 MHz): 5 7.70 (dd. J= 1.5, 7.9 Hz, IH); 7.38-732 (m, 2H); 6.90- 
6.83 (m,2H); 2.85 (s,3H). 

Stepn 

Ar-Metliyl-2-[(2S)-<»xiraa.2-ylmethoxy]beiizaiiiide 

A mixture of (2S)-oxiran-2-yhnethyl-3-nitrobenzenesulfonate (388.5 mg, 1.50 mmol), 2- 
hydroxy-JV-methylbenzamide (226.5 mg, 1.50 mmol) and CsjCOs (586 mg, 1.80 mmol) in 
DMF (6 mL) was stirred at room temperature overnight The reaction mixture was 
partitioned between ethyl acetate and H2O. The organic layer was dried over Na2S04, 
filtered and concentrated. The residue was purified by siBca gel flash chromatography (0- 
50% ethyl acetate in petroleum benzene) to give tiie subtitled compound (284 mg). 

•H-NMR (CDCI3, 400 MHz): 6 8.39 (m, IH); 7.90 (br.s. IH); 7.06-6.98 (m. 2H); 6.95-6.89 
(m, IH); 4.38 (dd, 7 = 2.5, 1 1.4 Hz, IH); 3.98 (dd, /= 6.0, 1 1.4 Hz, IH); 3.40 (m, IH); 
2.97 (t. /= 5.0 Hz, IH); 2.81 (dd, J=2.7, 4.8 Hz. IH); 2.21 (s, 3H). 
APCl-MS: m/z 208(MH'). 



Step in 

2-({(2S>3-[(5-CMonH3iJ-«piro[l-beiu»faran-2,lVqrcIohttanH'-y0amiTO 
hydroxyprop^}oxy>-iV-methyIbeiiamide 

A mixture of (5-chloro-3Jy-spiro[l-benzofiiran-2,r-cyc!ohexan]-4»-yl)amine (14 mg, 
0.059 mmol) and JV.melhyl-2.((2S)-oxiran-2-ytoieflioxy]benzamide (12.2 mg, 0.059 
mmol) in ethanol (1 .5 mL) was stirred at 80 over night The volatiles were removed in 
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vacuo and the residue was purified by HPLC (10-50% CH3CN in HzO, 02% NNLtOIQ to 
give the titled conqiound (5 mg). 

'H-NMR (CD3OD, 400 MHz): S 7.86 (dd, J= 1.7, 7.7 Hz. IH); 7.50-7.45 (m, IH); 7.15 
(m, 2H); 7.10-7.05 (m, IH); 7.03 (dd, J= 2.2, 8.5 Hz, IH); 6.61 (d, 7 = 8.5 Hz, IH); 4.24 
(m, IH); 4.15 (m, 2H); 3.07 (s, 2H); 2.95 (s, 3H); 2,89 (m, IH); 2.80 (m, IH); 2.69 (m, 
IH); 2.02 (m, 2H); 1.90 (m, 2H); 1.75 (m, 2H); 1.39 (m, 2H). 
APCI-MS: m/z 445(MH*). 

Example 4 

iV--(2<<{(2S)-3-((S-ClrioFo-3H-spiro(l-benzoftaran-24'<^ 
lqrdroxypropyl}oxy)>4-liydroxyphenyl]acetaixiide 

pHg Chlral 

N 
H 

StepI 

(lZ)-1^2,4-DihydroxyphenyI)ethaiioiie oxime 

l-(2,4-Dihydroxyphenyl)etha]K>]ie (4.5 g» 29.6 mmol) was dissolved in pyridine (17 mL). 
Hydroxylamine hydrochloride (2.1 g, 29.6 mmol) was added m small portions over 10 
minutes. The reaction mixtm^e was stirred at room temperature overnight. The reaction 
mixture was partitioned between ethyl acetate and HaO. The organic layer was washed 
with H20, 0.2 M HCl and then concentrated. The oily residue was treated with water, 
evaporated to yield a white semi-solid residue which was treated with toluene and 
evaporated to give the subtitled compound (4.8 g) as a white solid. 

APCI-MS: m/z 168(MH*). 




Stepn 
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1- Methyl-l^-benzoxazol-fr-ol 

To a cooled (5 solution of (l^-l<2,4-dihydroxyphenyl)ethanone oxime (9.7 g, 57.7 
mmol) in acetonitrile (65 mL) and dimethylacetaxnide (1 1 mL) was added phosphorous 
oxychloride (5,6 mL, 60.3 mmol) diopwise. The teo^serature was not allowed to exceed 
1 0 °C during the addition. After 1 hour stimng at room tenq>erature the yellow slurry was 
poured into a mixture of aqueous NaHCOs and ice. The resulting precipitate was filtered 
ofif and dried to give the subtitled compound (6.3 g). 

^H-NMR (DMSO-d6, 400 MHz): 8 7.40 (d, IH); 6.98 (s, IH); 6.89 (d, IH); 2.45 (s, 3H). 
APa-MS: m/z 150(MH*). . 

StepHI 

2- Methyl-i;3-benzoxazol-6-yI acetate 

A slurry of methyH3-benzoxazol-6-ol (7.1 g, 47.8 mmol) in THF 150 mL) was cooled to 
10 and EtsN (5.8 mL, 81.3 mmoQ was added in one portion, followed by the addition of 
acetyl chloride (1 1.3 mL, 81.6 mmol) in small portions. After addition was completed the 
reaction mixture was stirred at room temperature overnight The reaction mixture was 
partitioned between ethyl acetate and water. The organic layer was dried over Na2S04, 
filtered and concentrated to give die subtitled compound (8.2 g). 

'H-NMR (DMS0-d6, 400 MHz): 5 7.65 (d, IH); 7.47 (s, IH); 7.15 (d. IH); 2.60 (s, 3H); 
2.24 (s,3H). 

Step IV 

4-<AcetyIamino)-3«hydroxyphenyl acetate 

To a solution of 2-methyH3-ben20xazol-6-yl acetate (5.05 g, 28.8 mmol) in THF (100 
mL) a mixture trifhioroacetic acidAvater (4 ml/lO mL) was added. The reaction mixture 
was stirred at room temperature for 16 hours, then saurated aqueous NaHCOa (150 mL) 
was added- The mixture was extracted widi ethyl acetate (1 50 mL), dried over Na2S04, 
filtered and concentrated in vacuo to give the subtitled compound (4.0 g) 
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StepV 

4-<Acetyla]nino>3-[(2S)-oxiran-2-ylmett^ aeetate 

A solution of 4-(acetylammo)-3-hydroxyphenyl acetate (669 mg, 3.2 mmolX (2S)-oxiran- 
2-ylmethyl-3-mtrobeii2enesulfonate (748 mg, 2.9 mmol) and CS2CO3 (1.05 g, 32 mmol) in 
1-methyl-pyrrolidinone (10 mL) was stirred at room teinperature overnight The reaction 
mixture was partitioned between ethyl acetate and water. The organic layer was dried over 
Na2S04, filtered and concentrated to give a yellow oil which was suspended in 
methanol/dietiiyl ether. The precipitate was filtered ofif and dried to give the subtitled 
compoimd (296 mg). 

^H-NMR (CDCI3, 400 MHz): 6 8.40 (d, IH); 7.80 (s, IH); 6.78 (m, 2H); 4.39 (m, IH); 
3.92 (m, IH); 3.40 (m, IH); 2.98 (t, IH); 2.80 (m. IH); 2.25 (s, 3H); 2.20 (s, 3H). 

StepVI 

^-[2K{(2S)-3-[(5-Oiloiti-3J7-splro[l^^ 
hydroxypropyl}oxy)-4-hydroxyph6nyl]aGetamide 

A mixture of (5-cWoro-3iy-spiro[I-benzo£uraa-2,r-K5yclohexan]-4'-^^^ (14 mg, 0.06 
mmol) and 4-<acetylamino)-3-[(2S)-ox£ran-2'-ybnethoxy]ph«Dyl acetate (16 mg, 0.06 
mmol) in ethanol (1.5 ibL) was stirred at 80 over the weekend. The volatUcs were 
removed in vacuo and &e residue was purified by silica gel flash chromatography (0-3.5% 
medianol in CH2CI2, 0.2% NH4OH) to give the titled confound (IS mg). 

*H-NMR (CD3OD, 400 MHz): S 7.53 (d. 8.6 Hr, IH); 7.13 (m, IH); 7.03 (dd, 2.3, 
8.5 Hz, IH); 6.61 (d, J- 8.5 Hz, IH); 6.47 (d, J= 2.5 Hz, IH); 6.36 (dd, 2.5, 8.6 Hz, 
IH); 4-11-4.04 (m, IH); 4.02 (dd, 4.0, 9.8 Hz, 1H);.3.95 (dd, J - 6,0, 9.8 Hz, IH); 3.08 
(s. 2H); 2.89 (dd, 4.2, 12.2 Hz, IH); 2.75 (dd, J= 8.1, 12.2 Hz, IH); 2.68 (m, IH); 2.1 1 
(s, 3H); 2.02 (m, 2H); 1.90 (m, 2H); 1.78 (m, 2H); 1.39 (m, 2H). 
APCl-MS: m/z 461(MH^. 
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Examples 

^-l2K{(2S>3-f(5<:Woro-3fl:«pirori-ben2»furan-24»-cycIohexanl-4»-y0ai^ 
hydroxy-2-methylpropyl}oxy)-4-hydroxyphciiyIlacetaiiiide (trlflnoro acetate) 




3 Step I 

2-Mediyl-l,34>eiiz«nazoI-6>ylbeiizoate: 

To a stined suspension of 2-methyI-U4>enzoxa2ol-6-ol (2.99 g, 20 mmol) in 
dicbloromethane (50 mL) was added trietbylamine (4.05 g, 5.58 mL, 40 mmol). A 
solution of benzoyl chloride (3.09 g, 2.56 mL» 22 mmol) in dichloiometfaane (20 mL) was 
10 added diopwise over about 10 minutes. The reaction mixture was stirred at room 

temperature for 2.5 hours, then washed with water (2 x 50 mL), and dried over Na2S04, 
filtered and concenliated in vacuo to give the subtitled compound as colourless solid (5.05 
g, 20 mmol, quant.). 

15 'H-NMR (400 MHz. CDCI3): 6 8.22 (m, 2H), 7.66 (m, 2H). 7.53 (m. 2H), 7.40 (d, IH). 
7.16 (dd,lH), 2.65 (s,3H). 
APa-MS: m/z 254 [MfTl. 

StepU 

20 4-(AcetyIaniIno)-3-hydroxyphenyl benzoatei 

To a solution of 2-methyl-l,3-ben20xazol-6-yl benzoate (5.05 g, 20 mmol) in THF (100 
mL) a mixture trifluoroacetic acidAvater (4 ml/10 mL) was added. The reaction mixture 
was stirred at room temperature for 16 hours, then saurated aqueous NaHCOa (150 mL) 
was added. The mixture was extracted with ethyl acetate (150 mL). dried over Na2S04, 
filtered and concentrated in vacuo to give the subtided conqwund. 



2S 



38 



^H-NMR (400 MHz, acetone-d6): 8 9.76 (br.s, IH), 9.32 (br.s, IH), 8.15 (m, 2H), 7,71 (m, 
IH), 7,60 (m, 2H), 7.47 (d, IH), 6.85 (m, IH), 6.75 (m, IH), 2.20 (s, 3H). 
APa-MS: id/2 272 [MH*], 

Step m 

[(2S>*2-Methyloxiranyl]methyl3-nitrobenzene5uIfonate 

To an oven-dried 1000 mL three<necked flask was added powdered activated moleciilar 
sieves (8.0 g, 4A) and CH2CI2 (440 mL), D-(-)-diisopropyl tartrate (4 mL, 14.2 mmol) and 
2-methyl-2-propene-l-ol (20 mL, 240 mmol) was added and the mixture was cooled to - 
20 Titanimn tetraisopropoxide (3,5 mL, 1 1 .9 mmol) was added witii a few millilitres 
of CH2CI2 and the mixture was stiired at -20 for 30 minutes. Cumene hydroperoxide 
(75 mL, 430 mmol) was added dropwise over 1,5 hours maintaining the temperature at - 
20**C. The niixture was stirred at this temperature ovemi^t Trirae&yl phosphite (40 
mL, 340 mmol) was added dropwise over 5 hours maintaining the temperature at -20 ^C. 
Triediylamme (50 mU 360 mmol) and DMAP (3.48 g, 28.5 mmol) was added followed by 
a solution of 3-mtrobenzenesulphonyl chloride (47 g, 212 mmol) in CH2CI2 (400 mL). The 
temperature was raised to -10 and the mixture was stirred at this temperature overnight. 
After removing the external cooling vessel, the reaction mixture was filtered through celite. 
The organic phase was washed with 10% tartaric acid (500 mL), saturated NaHCOs (300 
mL) and brine (300 mL). The organic layer was dried over MgS04 and concentrated in 
vacuo to give 150 g of a yellow oil. The crude material was purified by silica gel flash 
chromatogr^hy (0-50% ethyl acetate in heptane) to give the subtitled compound (48.8 g). 

^H-NMR (CDCb, 400 MHz): 8 8.79-8.75 (m, IH); 8.52 (ddd, J = LI, 2.3, 8.3 Hz, IH); 
8.25 (ddd, LI, 1-8, 7.8 Hz. IH); 7.81 (t, J= 8.5 Hz, IH); 4^8 (d, 1 1.3 H25, IH); 
4.05 (d, J= 1 1.3 Hz, IH); 2.73 (d, J= 4.4 Hz, IH); 2.67 (d, J- 4.4 Hz, IH); 1.56 (s, 3H). 

Step IV: 

4-(AcetyIamino)-3-{((2S>2-*methyloxiran-2-yllmethQxy}phenylbenzoate 
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A mixture of 4.(acetylammo)-3-hydroxyphenyl benzoate (2.71 g, 10 mmol), K2S)-2- 
me%loxiran-2-yl]methyl3-nitroben2enesulfojiate (2.73 g, 10 mmol) and CS2CO3 (3.57 g, 
1 1 mmol) in l-methylpyiTolidin-2-one (35 mL) was stined at loom temperature overnight. 
The reaction mixture was partitioned betv^een ethyl acetate and water. The organic layer 
was dried over Na2S04, filtered and concentrated. The residue was purified by siUca gel 
flash chromatography (ethyl acetate/nJieptane) to give the sub titled compound as a 
colourless solid (1.31g, 3.9 mmol, 39 %). 

»H.NMR (400 MHz, CDCl,): 5 8.41 (d, IH), 8.18 (m, 2H). 7.91 (br.s, IH). 7.63 (m. IH), 
7.50 (m, 7H), 6.83 (m. IH). 4.15 (d. J= 10.8 Hz. IH). 4.03 (d. 7= 10.8 Hz, IH), 
3.99 (d. J= 10.8 Hz. IH). 2.92 (d. J= 4.6 Hz. IH). 2.78 (d. J= 4.6 Hz, IH), 2.22 (s. 3H). 
1.48 (s,3H). 

APd-MS: m/z 342 [MH*]. 
StepV 

Ar.{2<{(2S).34(5<:iilon»-3^-spiroll-ben2ofuran-2,l'^ycIohexan]^».^^^^ 
hydroxy-2.methylpropyl}oxy)^l,ydroxyphenyllacetamide (triiluoro acetate) 
A nuxture of 5-chloro-3/f-spiro[l-benzofiiran-2.r-cyclohexan]-4'-amine (20 mg. 0.084 
mmol) and 4-(acetylamino).3-{[(2S>2-methyloxiran-2-yl]mettoxy}phenyl benzJate (29 
mg, 0.084 mmol) in ethanol (1.5 mL) was stirred at 80 »C overnight. 2 drops cone NaOEt 
was added and the mixture was stirred at room temperature for 4 hours. The volatUes were 
removed in vacuo and the residue was purified by HPLC (10-80 % acetonitrile in water. 
0.1% CF3CO2H) to give die titled compound (20 mg). 

'H-NMR (400 MHz. CD,OD): 5 7.19-7.13 (m. 2H); 7.08-7.03 (m. IH); 6.67-6.62 (m. IH); 
6.50 (m, IH); 6.43-6.39 (m,. IH); 3.90 (m, 2H); 3.38-3.00 (m, 5H); 2.20 (m. 2H); 2.23 (s, 
3H); 2.22-1.90 (m. 2H); 1.82 (m. 2H); 1.68 (m, 2H); 1.42 (s. 3H). 
APCI-MS: m/z 475 [MH*]. 
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THP-1 Chemotaxiis Assay 
Introduction 

The assay measures the chemotactic response elicited by M^-la chemokine in die human 
monocytic ceU line THP-1. Conqwunds are evaluated.1^ their ability to depie^ the 
chemotactic response to a standard concentration of MlP-la dbemokine. 

Methods 

Culture of THP-1 ceUs 

Cells are Uiawed rapidty at 37*^ fixun fibozen aliquots and resuspemfed ina 25 cm flask 
containing 5 ml of RPNa-1640 medhun siq>plemaited with Ghitamax and 10% heat 
inactivated fetal calf serom without antibiotics (RPMI+10%HIFCS). At day 3 the medium 
is discarded and replaced with fiesh medium. 

THP-1 cells are loutineiy cultured m RPMI-1640 medium supplemented with 10% heat 
inactivated fetal calf serom and ghitamax but without antftiotics. Optimal growth of the 
cells requires that they are passaged every 3 days and that the minimum subculture density 
is 4x10^ cells/ml. 

Chemotaxis assay 

Cells are removed from the flask and washed by centrifiigation in RPMI + 10%HIFCS + 
glutamax. The cells are then resuspended at 2x10^ cells/ml m fresh medium (RPMI + 
10%HIFCS + glutamax) to which is added calcein-AM (5 ill of stock solution to 1 ml to 
give a final concentration of 5xl0"*M). After gentle mixing the cells are incubated at ST'C 
in a CO2 incubator for 30 minutes. The cells are then diluted to 50 ml with medium and 
washed twice by centrifiigation at 400xg. LabeUed cells are then resuspended at a ceU 
concentration of Ixio' cells/ml and incubated with an equal volume of MlP-la antagonist 

(10 MtolO M final concentration) for 30 minutes at 37<*C in a humidified CO2 
incubator. 
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Chemotaxis is performed using Neuroprobe 96-well chemotaxis plates employing 8 ^m 
filters (cat no. 101-8). Thirty niicrolitres of chemoattractant supplemented wifli various 
concentrations of antagonists or vehicle are added to tiie lower wells of Ae plate in 
triplicate. The filtw is theu carefully positioned on top and Hben 25^1 of cells preincubated 
with the corresponding concentration of antagonist or vehicle is added to the sar&ce of the 
filter. The plate is then incubated for 2 hours at 37»C in a humidified CO2 incubator. TTie 
cells rmaining on the sur&ce are then removed 1^ adsoiptton and flie ^ole plate is 
centrifiiged at 2000 ipm fi>r 10 minutes. Hie filter is then removed and the cells that have 
migrated to flie lower wells are quantified by Hne fluorescence of cell associated calcein- 
AM. Cell migraticm is then expressed in fluorescence units after subtraction of the reagent 
blank and values are standardized to % migration by comparing the fiu<»escence values 
with that of a known number of labelled cells. The effect of antagonists is calculated as % 
inhibition vrhea the number of migrated cells is conq>ared with vdiicle. 
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CLAIMS 



1 . A compound of fonnula 




wherein 



misO, 1,2, 3 or 4; 

each independently T^resents halogen, cyano, hydroxyl, Ci^C^aOgrl, 
Ci-C^haloalkyl, Ci-Cgalkoxy or sulphonamido; 

either X represents a bond, -CH2-, -O- or -C(0> and Y represents a bond, -CH2-, 

-O- or -C(0)-, or X and Y together represent a group rCH=C(CH3> or -C(CH3)=CH-, 

and Z represents a bond, -NH- or -CH2-, provided that only one of X, Y and Z can 

represent a bond at any one time and provided that X and Y do not bofli simultaneousty 

represent -O- or -C{0)-; 

nisO, I or 2; 
2 . 

eachR independently represents halogen or Ci-Cgalkyl; 
qisOorl; 

represents .NHC(0)R^^, -C(0)NR^^R^^ or -COOR^^; 
R , R , R , R and R^ each independently represent a hydrogen atom or a C1-C6 alkyl 
group; 

tis 0, 1 or 2; 
9 . 

eachR independently represents halogen, cyano, hydroxyl, carboxyl, 
Ci-Cgalkoxy, Ci^^ alkoxycarbonyl, Ci-C^ haloalkyl, or Ci-Ce alkyl optionally 
substituted by at least one substituent selected from caiboxyl and C1-C6 alkoxycaibonyl; 
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R represents a group Ci-Cg alkyl. Ca-Cg alkenyl, Cj-Cg cycloalkyl. adamantyl, 
Cs-Cficycloalkenyl, phenyl or a saturated or unsaturated 5- to 10-memberedheterocycUc 
ring system comprising at least one ring heteroatom selected fiom nitrogen, oxygen and 
sulphur, each of which may be optionaUy substituted by one or more substituents 
independently selected from nitn),hydroxyl, oxo. halogen, caibojQrl, Ci^lgalkyl. 
Ci-Cgalkoxy. Ci-Q alkylthio, Cj-Cg alkylcaibonyl, Ci-Q alkoxycaibonyl, phenyl and 
-NHC(0)-r". or 

R*** represents a group -NR*\*^.ot-0-R**- 
11 12 ' ' 

R and R each independently represent (0 a hydrogen atom, (ii) a 3- to 6- 

membered saturated or unsaturated ring optionaUy comprising at least one ring heteroatom 
selected fiom nitrogen, oxygen and sulphur and optkmalfy further comprising abridging 
group, the ring being optional^ substituted with at least one substituent selected fiom 
halogen, hydroxyl. Cj-Q alkyl, Ci^hydroxyalkylandCi-Cghaloalkyl, 
(iiiO aCi^^fi alkyl groupoptionallysubstittttedbyatleastonesubstituentselectedfro 
halogen, amino, hydroxyl, Ci-Cg haloalkyl, caiboxyl, Cj^g alkoxy. 
Ci-Cgalkoxycarbonyl, Q-Cg alkylcaibonylamino and a 3- to 6-membered saturated or 
unsaturated ring optional^ comprising at least one ring heteroatom selected fiom nitrogen, 
oxygen and sulphur and optionally fiirther comprising a bridging group, the ring being 
optionalfy substituted with at least one substituent selected fiom halogen, hydroxyl. oxo, 
Ci<:6 alkyl, Ci-Cghydroxy^IandCi-Cfihaloalkyl, or (iv) Cj-Cg alkylsulphonyl, ' 
or 

R and r" together with the nitrogen atom to which they are attached fi>rm a 4- to 7- 
membered saturated heterocyclic ring that optionaUy fiarther comprises a ring nitrogen, 
oxygen or sulphur atom and that is optionally fused to a benzene rihg to form a 8- to 11 - 
membered ring system, the heterocyclic ring or ring systembemg optionally substituted 
with at least one substituent selected fiom halogen, hydrw^l, amido, Ci-Cgaftyl, 
Ci-Cghydroxyalkyl, d-CgaUcoxy. Ci-Q aUcoxycarijonyl, Q-Q haloaUcyl. C-Cg 
aUcylamino, di-Ci-Cg alkylamino. Q^^g aUcylcaibonyl. C,-Cg aUcylcariionylamino, 
Ci-CgaUcylaminocaibonyl, di-Ci-Cg aUcylaminocaibonyl, phenyl, halophenyl. 
phenylcari)onyl, phenylcarbonyloxy and l^droxydiphenyhnethyl; 
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R represents a hydrogen atom or a Ci -C^ alkyl group; 
13 

R represents a C1-C5 alkyl, amino or phenyl group; 
14 15 

R and R each independently represent a hydrogen atom, or a groiqp Ci-Ce alkyl, 

Ci-Cg alkylsulphonyl, phenyl or a saturated or unsaturated to 10*membered 

heterocyclic ring system comprising at least one ring heteroatom selected from nitrogen, 

oxygen and sulphur, each group being optionally substituted as defined above for R^^, or 
14 15 

R and R together witih the nitrogen atom to which they are attached form a 4- to 7- 
membered saturated heterocyclic ring ibat optionally furtiiier comprises a ring nitrogen, 
oxygen or sulphur atom, the heterocyclic ring being optionally substituted by at least one 

hydroxyl; and 
16 

R represents a hydrogm atom, or a group C1-C5 alkyl, phenyl or a saturated or 
unsaturated 5- to lOrmembered heterocyclic ring system comprising at least one ring 
heteroatom selected 60m nitrogen, oxygen and sulphur, each group being optionally 
substituted as defined above for R^^; 
or a pharmaceutically acceptable salt or solvate thereof. 

2. A compound according to claim 1, wherein X and Y have the meanings shown in the 
following table: 



X 


Y 


bond 


0 


0 


bond 


CH, 


bond 


bond 


CH^ 



3. A compound according to claim 1 or claim 2, wheiein Z r^resents -O- or -CH2-- 

4. A compound according to any one of claims 1 to 3, whereinq is 1, 
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5. A compound according to any one of claims 1 to 4, wherein R represents 
-NHC(0)R^^ or -C(0)NR^ ^R^^. 

6. A compound according to any one ojf claims 1 to 5, wherein t is 1 and R^ is located 
thej^ara position with respect to R . 



7. A conqraund according to claim 1 selected fixnn: 

2K{(2S)-3-[(5-CWoro.31f-spiro[l-benzofuian-2.1»-cyclohexanH'-^^ 
bydroxypropyl}oxy)-4-hydrQxy-iV:-methylbenzamide, 

W'-2-({(2S)-3<5-CWoroOfl^-spiro[l-ben2»fujnBn-2,l*-cyclohexan]^^ 
hydro}grpiopyl}axy)-4-fhioraphenyl]acetamide, 

2-({(2S>3-[(5<Moro-3Jy-spiro[l-benzofiaan-2,l'<ycloli«Mn]-4^^^ 
hydroxypropyl}o]qr)-iV'-inethyIbenzatnide, 

^-[2-({(2S)-3-[(5<Woro-3jy-spiro[l-ben2ofiiran-2,r-cyclohexa^^ 
hydioxypnq[>yl}Qxy)-4-Iqrdio]grph«iyl]acetanude, 

J\r-[2-({(2S>3-[(5<Hon)-3ff-spiro[l-ben2»femi-24'-cyclohexanH'-^^^ 
hydroxy-2-methylpropyl}oxy)-4-hydroxyphenyl]acetamide (trifluoro acetate), 
and pbannaceutically acceptable salts and solvates of any one thereof. 

8. A process for the preparation of a compound of formula (I) or a phamiaceutically 
acceptable salt or solvate thereof as defined in claim 1 which comprises, 

(a) reacting a con^raund of fonnula 

Y (CHj), 

// ^/ 

wheremm,R , n, R , q, X, Y and Z are as defined in f<wmula (I), wilh a conqwmid of 
formula 
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m 

wherein R , r'*, R^, R^ R^, r^, t and R^ are as defined in foimula (I); or 
(b) reacting a conq)oiind of fotmula 

X— Y 



'm 



.1 «2 



wherein m, R\ n, R", q, X, Y. Z. R^ R^ R^ R^ and R* are as defined in formula 00. wifli 
a compound of formula 



OV) 




.39 ^ 
whra-em R , t and R are as defined in formula (I), in flie presence of a suitable base; or 

(c) when R^ represents -NHC(0)R*® reacting a compound of formula 




(VI) 



Wherein m, r\ n, R^, q, X, Y, Z, R^ R^ R^ r'', R^ t and R^ are as defined in formula (I), 
with a compound of formula 
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V 



.10 



(VII) 



wherein repr^ents a leaving gjconp and R^^ is as defined in formula (I); or 
(d) when R^ represents -C(0)NR^ ^R^^s reacting a compound of formula 




(R^)n 



(vm) 



wherein L represents a leaving group and m, R , n, R , q, X, Y, Z, R , R , R , R , R , t 

9 II 12 

and R are as defined in formula (I), with a compound of formula (IX), NHR R , 

11 12 

wherein R and R are as defined in formula (I); or 

(e) when R^ represents -NHC(0)R^^, R^^ represents -NR^'^R^^ and R^"^ and R^^ both 
represent hydrogen^ reacting a confound of formula (VI) as defined in (c) above with 
potassium cyanate; 



and optionally after (a), (b), (c), (d) or (e) forming a pharmaceutically acceptable salt or 
solvate. 

9. A pharmaceutical composition comprising a oonqpiound of formula (I) or a 
pharmaceutically acceptable salt or solvate thereof as claimed in any one of claims I to 7 
in association with a pharmaceutically acceptable adjuvant, diluent or Carrie. 



10. A process for the prepamtion of a pharmaceutical conq>osition as claimed in claim 9 
which comprises mixing a conq>oimd of formula (I) or a pharmaceutically acceptable salt 
or solvate thereof as claimed in any one of clairns 1 to 7 with a pharmaceutically 
acceptable adjuvant, diluent or carrier. 
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1 1 . A compound of formula (I) or a phannaceutically-acceptable salt or solvate thereof as 
claimed in any one of claims 1 to 7 for use in therapy. 

12. Use of a compound of formula or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 7 in fhe manufacture of a medicament for the 
treatment of human diseases or ccmditiom in which modulation of chemokine receptor 
activity is beneficial. 

13. Use of a compound of fommla (I) or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 7 in the manu&cture of a medicament for use 
in treating rheumatoid arthritis. 

14. Useof a compound of fonnula (I) or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 7 in the manu&cture of a medicunent for use 
in treating chronic obstructive pulmonary disease. 

15. Use of a compound of formula (I) or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 7 in the manu&cture of a medicament for use 
in treating asthma. 

16. Use of a compound of formula (I) or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 7 in tiie manu&cture of a medicament for use 
in treating multiple sclerosis. 

17. A method of treating an inflarmnatoty disease which comprises administering to a 
patient in need thereof a therapeutically effective amount of a compound of formula (I) or 
a pharmaceutically acceptable salt or solvate thereof as claimed in any one of claims 1 to 7. 

1 8. A method of treating an airways disease which comprises administering to a patient in 
need thereof a therapeutically effective amount of a conq)ound of fonnula (Q or a 
pharmaceutically acceptable salt or solvate thereof as claimed in any one of clauns 1 to 7. 
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ABSTRACT 
NOVEL COMPOUNDS 



The invention provides compounds of fonnula 




wherein m, r\ n, q, X, Y, Z, R^, R^ R^ R**, R^, R^, t and r' are as defined in the 
specification, processes for their prqmation, phannaceuttcal conqiositioos coniaining 
them and their use in therapy. 



